Fas and Fas ligand: Ipr and gld mutations 
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Fas ligand (FasL) is a death factor that binds to its «^*V"J 
induces apoptosis. Two mutations that accelerate autoimmune disease Ip 
and 2d are known to correspond to mutations unthin genes encoding Fas 
^M^SS^ Here, Shigekazu Nagata and Takashi Suda sum- 
I^^FknaJtdge of Fas and FasL. and discuss the physiological 
SwSfa system I T-cell development, cytoto.iatyand cytotoxic 
T lymphocyte (CTL) -mediated autoimmune disease. 


Monoclonal antibodies (mAbs) raised gainst the Fas 
IAPO-1) cell-surface protein have cell-killing activity 
Molecular cloning of Fas cDNA has shown that Fas is 
a type I membrane protein belonging to the tumor 
necrosis factor <TNF)/ncrve growth factor (NGF) re- 
ceptor family^. Mouse cell lines expressing human 
Fas have been established, and crosslinking with anti- 
body against human Fas induces apoptosis of these 
cells. From these results, it was concluded that las 
transduces an apoptoric signal into cells, and that anti- 
Fas antibody works as an agonist for the Fas protein. 
Northern blot hvbridization of mouse tissues have 
indicated that Fas mRNA is abundantly expressed in 
the thymus, liver, heart, lung, kidney and ovary , but is 
weakly expressed in various other tissues <T. Suda and 
S. Nagata, unpublished). . 

The structure of Fas suggested that it might be a re- 
ceptor for an unknown cytokine. Progress towards 
identifying such a ligand was accelerated by the 
demonstration of a cytotoxic T lymphocyte l«~lL| 
hybridoma (PC60-dlOS; dlOS), generated by fusing a 
mouse CTL cell line with a rar lymphoma, that could 
kill Fas* cells but not Fas' cells 7 . This phenomenon 
was analyzed further using soluble forms of las 
(Fas-Fc) and the TNT receptor (TNFR-Fc), which were 
created by fusing the extracellular regions of these 
molecules to the Fc region of human IgG (Ret. « 
was found that Fas-Fc, but not TNFR-Fc, inhibited 
the CTL activitv of dlOS cells, indicating that these 
" cells express theligand for Fas (FasL), and thai it plays 
a major role in dlOS-mediated cytotoxicity. Indeed 
subsequent fluorescence-activated cell sorting (FAC5) 
analysis of dlOS cells using biotinylated Fas-Fc has 
indicated that they express a molecule that binds to 
Fas (Ref. 8). Furthermore, a subline of diOS (dlOMb) 
that expresses approximately 100-fold more FasL ^than 
the original cell line was established by repeated FACv 
sorting. In concordance with the increased expression 
of FasL, the dlOSl* cells also showed approximately 
100-fold more CTL activity against Fas* cells than did 
the original dlOS parent line 1 . 

Rat FasL has been purified to homogeneity as a pro- 
tein of approximately 40kDa from the solubilized mem- 
brane fraction of the dlOS subline 8 . The correspond, ng 
cDNA was cloned by expression cloning from the dlOS 
subline 5 , and its mouse and human homologs were 
subsequently cloned by crosshybridization 1011 . FasL 


has no signal sequence at the N-terminus 
domain of hydrophobic amino acids m the center of 
the molecule, indicating that it is a type II membrane 
protein with the C-terminal region oriented on the 
extracellular side of the cell membrane. Mouse and 
human FasL have 76.9% identity at the amino acid 
sequence level, and do not demonstrate species speci- 
ficity" Approximately 150 amino acids m the extra- 
cellular region of FasL have significant homology ^ with 
members of the TNF family. Recombinant FasL ex- 
pressed on the surface of COS cells can induce apoptosis 
in Fas-expressing cells, indicating that FasL is a death 
factor and that Fas is its receptor. 


^le^Lblishing a mouse MRL strain, Andrews 
et al 11 discovered a mouse mutant that develops iympb- 
adenopathy and splenomegaly. The autosomal recess- 
ive mutation responsible was located to mouse 
chromosome 19 (Ref. 13) and is referred to as Ipr (for 
rymphoproliferation). Later, Roths et at" ound a dif- 
ferent mutant with a phenotype similar to Ipr and this 
mutation was designated gld (for generalized lympho- 
proliferative disease). The latter is also an autosomal 
recessive mutation and has been mapped close to the 
gene for antithrombin III (AT-/JJ) on chromosome 1 
?Ref 15). Meanwhile, another allelic mutation in the 
L locus was discovered in the CBA/KlJms mouse 
strain". Unlike the original Ipr mutant, this hetero- 
iveous detect results in a weak phenotype m mice that 
are also heterozygous for gld. The mutation was there- 
fore designated as lpr« (for Ipr complementing gld). 

WlJlpr or MRUgW mice develop lyrriphadenopathy 
and splenomegaly, and produce large : a mounts of IgG 
and IgM antibodies, including anti-DNA antibody and 
rheumatoid factor autoantibody 17 . The mice die of 
nephritis or arthritis at approximately five months of 
age. By contrast, other strains of mice carrying Ipr or gld 
mutations show lymphadenopathy and splenomegaly, 
but do not develop nephritis or arthritis". Smce wild- 
type MRL mice also develop weak and delayed auto- 
immune disease, it was concluded that fpr and gld mu- 
tations do not induce autoimmune disease, but rather 
accelerate the underlying predisposition to autoimmune 

dl L^phocytes that accumulate in the lymph nodes 
and spleen of Ipr or gld mice express the T-cell marker 
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Monoclonal antibodies IrnAbsl raised against Mdbel Fas 
IAPO-1) ccu-surtace proton hare cell-kitting activity 
Molecubr cloning of Fas cDNA has shown that * as-is 
a type I membrane protein belonging to Ac ^wmor 
MO^is factor fTSF)/nerve growth faaot (NGF) re- 
ceptor family^- Mouse cefl fines expressing human 
Fas hate been established, and crosslinking with arm- 
body against human Fas induces apoptosis of these 
celb. From these results, it was concluded that Fas 
transduces an apoptotk signal into cells, and that anti- 
Fas antibody works as an agonist for the Fas proton. 
Northern blot hximdizarion of mouse tissues have 
indicated that Fas mRNA is abundantly expressed in 
the thymus, tret heart, lung, kidney and ovary 4 but « 
weakly expressed in various other tissues <T Suda and 
S. Nagata, unpublished). . 

The structure of Fas suggested that it might be a re- 
ceptor for an unknown cytokine. Progress towards 
identifying such a ligand was accelerated by the 
demonstration of a cytotoxic T lymphocyte (ClU 
bybridoma (PC60-dlOS; dlOS), generated by fusing a 
mouse CTL cell fine wrrh a rat lymphoma, that could 
kill Fas 4 cells but not Fas" cells 7 . This phenomenon 
was analyzed further using soluble forms of Fas 
(Fas-Fc> and the TOF receptor (TNFR-Fc), which were 
created by fusing the extracellular regions ; of these 
molecules to the Fc region of human IgG (Ret. »N it 
was found that Fas-Fc, but not TNFR-Fc, inhibited 
the CTL actirkr of dlOS cells, indicating that these 
* cells express thekgaod for Fas (FasL), and that ftplays 
a major role in dlOS-mediated cytotoxicity. Indeed, 
subsequent ffoorescence-activated cell sorting (FAC5) 
analysis of dlOS cells using biodnylated Fas-* has 
indicated that they express a molecule that binds to 
Fas IRef. 8). Furthermore, a subline of dlOS (dlOS16) 
that expresses approximately 100-foU more FasL than 
the original cell fine was established by repeated FACS 
sorting, m concordance with the increased expression 
of FasL, the dlOSW cells also showed approximately 
100-fold more CTL activity against Fas* cells than did 
the original dlOS parent fine*. 

Rat FasL has been purified to homogeneity as a pro- 
tem of approximately 40 kDa from the solubtlized mem- 
brane fraction of the dlOS subline 1 . The corresponding 
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has no signal sequence at the N-term»nus^ but has a 
domain of hydrophobic ammo aads m the center oi 
the molecule, indicating that it is a type H moiiDrane 
protein with the Oterminal region oriented on the 
extracellular side of the cell membrane. Mouse and 
human FasL have 76.9% identity at the amino aod 
sentience level, and do not demonstrate species speci- 
ficity" Approximately 150 amino acids m the extra- 
cellular mjori of FasL have significant homology with 
membersTf the TNF family. lUcombmant FasL ex- 
^edon the surf ace of COS ceOs can 
in Impressing cells, indicating that FasL is a death 
factor and that Fas is its receptor. 


^u/^taMishing a mouse MRL strain, Andrews 
et el u discovered a mouse mutant that develops lympo- 
adcnopathy and splenomegaly. The autosomal recess 
^Tmuutmn responsible was located to moose 
chromosome 19 (Ref. 13} and is referred to asj^ (for 
lymphoproliferation). Later, Roths et at" found a Af- 
ferent mutant wirh a phenotypc similar to fa andtlns 
mutation was designated gld (for generalized tympbo- 
proliferative disease). The Utter is also an autosomal 
recessive mutation and has been mapped dose to the 
gene for antithrombin III (AT-Jifl on chromosome : 1 
(Ref. 15). Meanwhile, another allelic mutation in the 
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strain". Unlike the original Ipr mutant, this hetero- 
zyKous defect results in a weak phenorype m rruce that 
are also heterozygous for gld. The mutation was there- 
fore designated as Ipr* (for Ipr comrilemowogg^. 

MRLtfpr or MRI/gW mice develop lyntphao*nopa«ny 
and splenomegaly, and produce large anwunts of IgG 
and SHScs, indudmg anti-DNA anribody and 
rheumatoid factor autoanoWy'^ nuc^ of 
nephritis or arthritis at approximately five months ot 
an. By coitrast, other strains of nikrcarrymgfprorgW 
mutations show rymphadenopathy and 
but do not develop nephritis or 
type MRL mice also develop weak .and delayed auto- 
immune disease, it was concluded that Ipr and gWmu- 
tattons do not induce autoirnmunc disease, but ratner 
accelerate the underlying predisposition to autoimmune 


Diane iracoon oi uic u iwj * • - T V- A? j: 

cDNA was cloned by expression doning from the dlOS te- tcasml \ M , in the lymph nodes 


b— aft«r ToJaj 39 VblKNo.1 


1995 


Ruben EXHIBIT 2121 
Ruben v. Wiley etal. 
Interference No. 105,077 
RX2121 


WT 5' 1 \- 


WWW 1 * 


ETn 


* 5 ii ) k nun — h 3 


5'LTR 3'-LTR 
AATAAA AATAAA 


Premature 
termination 


tpr<* NH 2 



Asn 
1 

rr;&l»e [^K COOH 

Point mutation 


(b) 


CYT TM 


EXT 


ICOOH 


XX* Am ttt* Cl« Cla 9* r Vy* TVr 

FasljWT) &tc m m Qua cu icr mc ice 
FasUgkfl Arc ut ttt cm caa tct am acc 
XU Im n» Cla Ola *+f Ly« Tkr 


«r u» tyt iy» ••• 

TTC COC TIC TAT AAC CTT TAA 
TTC OCC TT<3 tAT AAA CTT TAA 
Whm dy In tyr Ly« Urn ••• 


Fig. 1. Mutations of genes encoding Fas and Fas ligand (FasL) m Ipr and gld 
mice, (a) Structure of the wBdtype (WT) gene encoding Fas, and its mu- 
tation in Ipr and tpt* 1 mice. The Ipr mutation results from the insertion of an 
early transposable element (ET n), carrying two polyjA) adenylation sites, into 
intron 2 of the gene encoding Fas. The Ipr* mutation results from a point 
mutation that changes isoleucine to asparagme in the cytoplasmic region of 
the Fas protein. The shaded area in the cytoplasmic region of Fas denotes the 
region with similarity to the tumor necrosis factor receptor I (Ref. 3), and 
the boxed extracellular regions indicate protein domains that are related to 
each other, (b) Structure of FasL and its point mutation in gld mice. The 
structure of the FasL protein is shown schematically. In the sequence below, 
the boxed region indicates the point mutation of FasL in gld mice. 
Abbreviations: LTR, long terminal repeat; TM, transmembrane region; CYT, 
cytoplasmic region; EXT, extracellular region. 


Thy-1, and the B-ccll marker B220 (Ref. 17). These 
cells also express a rearranged T<el! receptor (TCR), 
but not a rearranged IgC gene. Furthermore, since.neo- 
natal thymectomy prevents the accumulation of these 
lymphocytes, it appears that they are of T-lineag« ori- 
gin. However, the CD4 and CD8 antigens, which are 
usually expressed in mature T cells, are not expressed 
in the lymphocytes that accumulate in Ipr or gld mice. 
The gene loci encoding CD4 and CD8 are hypo- 
methylated in these lymphocytes, and administration 
of anti-Thy-1 or anti-CD8 antibody inhibits the de- 
velopment of lymphadenopathy 17 . It is likely that 
these T cells are produced from mature single-positive 
CD4*CD8~ or CD4CD8* T cells by suppressing the 
expression of the CD4 or CD8 antigen, although the 
possibility that they are produced from double-positive 
thymocytes by simultaneously downmodularing CD4 
and CD8 cannot be ruled out. 

Mutations of Fas and FasL in Ipr and gld 

As described above, although Ipr and gld are non- 
allelic mutations, they show the similar phenotypes of 
lymphadenopathy and splenomegaly. Allen et aL" 
have performed a series of bone marrow transplan- 


tations among /pr, gld and wild-type mice in order to 
establish the relationship between these defects. They 
concluded that Ipr and gld are mutations in a pair of 
molecules and, more specifically, that gld is a mutation 
of a soluble or membrane-bound cytokine, while Ipr is 
a mutation of its receptor. Considerable data are now 
available to show that Ipr and gld are mutations in Fas 
and FasL, respectively. 

The gene encoding Fas maps to a location near the 
Ipr locus of mouse chromosome 19 (Ref. 4), and 
northern blot hybridization indicates that Ipr mice 
express very little Fas mRNA in the liver and thymus 29 . 
Isolation of the germline gene encoding Fas has shown 
that the wild-type gene is more than 70 kb in length, 
and is split by eight inrrons (R. Watanabe-Fukunaga 
and S. Nagata, unpublished), whereas the mutated 
gene in Ipr mice has an early transposable element 
(ETn), similar to an endogenous retrovirus, inserted 
into intron 2 (Fig. la) (Ref. 21). Since the ETn carries 
poly(A) adenylation signals (AATAAA) on the long ter- 
minal repeat (LTR) sequences, it was assumed that the 
Fas transcript starring from exon 1 prematurely ter- 
minates in intron 2, and is aberrantly spliced. Indeed, 
small mRNAs coding for exons 1 and 2 have been 
found in the thymus and liver of Ipr mice. Further- 
more, when the ETn was inserted into the intron of a 
mammalian expression vector, the expression efficiency 
of the vector was reduced to a fraction of that of the 
original. These results suggest that transcription of the 
gene encoding Fas is impaired in Ipr mice by the inser- 
tion of the transposable element into the intron of the 
gene. However; inhibition of expression is not com- 
plete, as demonstrated by the presence of full-length 
Fas mRNA, albeit at a low level, in the thymus and 
liver of the Ipr mouse, indicating that Ipr is not a null 
mutation, but is leaky 22 . 

Unlike the Ipr strain, /pr'' mice express full-length 
Fas mRNA as abundandy as wild-type mice 20 . How- 
ever, the mRNA carries a point mutation (T to A) in 
the middle of the Fas cytoplasmic region. The mu- 
tation results tn an amino acid change, from isoleucine 
to asparagine (Fig. la), and abolishes the ability of Fas 
to transduce the apoptotic signal into cells. 

Recendy, the murine gene for FasL was mapped 
close to the AT-lll gene on chromosome 1 (Ref. 10), 
where the gld mutation is localized. It has been shown 
that the gld mutation is a point mutation (T to C) near 
the C-terrainus of the coding region for FasL (Fig. lb) 
(Ref. 10). This mutation results in the replacement of 
phenylalanine with leucine, and abolishes the ability of 
FasL to bind to Fas. 

Physiological role of Fas and FasL 
T-ceti development 

The function of Fas and FasL is suggested by the fol- 
lowing facts, summarized from findings described 
above: (1) FasL binds to Fas and induces apoptosis; 
(2) Ipr and gld mutations result in the development 
of lymphadenopathy and splenomegaly; and (3) Ipr 
and gld are bss-of-function mutations in Fas and FasL, 
respectively (Fig. 1) (Refs 6,10,20). Thus, it appears 
that the Fas and FasL system is involved in the apoptotic 
process that occurs during the maturation of T cells. 
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Precursor T cells originate in the bone marrow and mi- 
grate into the thymus, where they mature into single- 
Litive CD4-CD8- or CD4"CD8* T cslb. During 
this process, the precursor T cells die by apoptosis at 
several stages. Those precursor T cells expressing a 
TCR that can interact with self-major histocompati- 
bility complex (MHC) expressed on thymic epithelium 
are selected (positive selection), while those that can- 
not interact with self-MHC die by apoptosis 21 . By con- 
trast precursor T cells that strongly interact with sdt- 
antigen complexed with MHC are killed by negative 
selection 24 . More than 95% of the precursor T cells 
ihat migrate into the thymus die in the thymus, and 
only about 5% finally emigrate into the periphery as ma- 
ture T cells 25 - 2 *. Even in the periphery, mature T cells 
undergo selection: those that recognize self-antigen are 
first activated, then die by apoptosis (peripheral clonal 

^Various studies have examined the steps of T-ceil 
development at which Ipr or gld mice have defects. 
Although a few reports have suggested lhat 5 0 ™. ha ^ c 
defects in the thvmic development of T cells , the 
current consensus is that negative and positive selection 
are normal in these mice 51 - 32 . By contrast, RusseU ei > ol 
have reported that the activation-induced eel death 
of mature T cells does not occur in Ipr or gld mice 
in vitro**. Furthermore, when the superantigcn 
staphylococcal enterotoxia B (SEB) is injected into 
wild-type mice, mature T cells expressing the 5EJJ- 
reactive V&8 TCR chain initially proliferate, then die 
by apoptosis. The latter process could not be seen, or 
was severely retarded, in Ipr mice 35 . 

Thus, in vitro and in vivo results suggest the involve- 
ment of the Fas system in the clonal deletion of auto- 
reactive T cells in the periphery. As a mechanism lor 
this process, we and others* propose the model shown 
in Fig. 2. Antigen-presenting cells (APCs) express the 
autoreactive peptide as a complex with MHC on their 
surface. The peptide-MHC complex interacts with the 
TCR on autoreactive T cells, which activates the cells 
and induces the expression of Fas and FasL. Such 
autoreactive T cells then kill each other through inter- 
actions between Fas and FasL. In this model, a single 
cell expresses Fas and FasL However, it is also poss- 
ible that a population of T cells may express only FasL, 
and thus kill autoreactive cells that express Fas while 
remaining intact itself. 

Cytotoxicity . 

The Fas system also plays an important role mUt* 
mediated cytotoxicity. Since FasL is expressed in vari- 
ous CTL cell lines 7 - 57 and in activated splenocytes •*% it 
is possible that FasL also functions as an effector of 
CTL-mediated cytotoxicity. Recently, Kagi et ai n gen- 
erated mice deficient in the gene encoding perforin, an 
effector of cytotoxicity 3 *- 40 . Although most CTL activi- 
ties are abolished in these mice, some remained, and 
these residual functions appear to be mediated by FasL 
(Refs 41,42). Furthermore, since CTLs from perfonn- 
dehcient mice show no cytotoxic activity towards 
Fas" cells 41 * 42 , it appears that perforin and FasL are the 
- only effector molecules in CTLs (at least under these 
short-term assay conditions). 



Apoptosis of 
autoreactive T cells 


K* r A ««W for Fas-mediated clonal deletion in the periphery Antigen- 
^tig^ APCs) express self^en (Ag) as a ^ ^ 
KtoornUMty implex (MHQ. The interact™ *~ 
the T-ceti receptor (TCR) on autoreactive J cells 
aeration. This induces the expression of genes enco^mg F« W to 
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it mutual Tos -mediated apoptosis {^gged arrow) and ct^ delete 

Fas outside the lymphoid system 

Fas, the receptor for a death factor, is abundantly 
expressed not only in activated [lymphocytes but also 
in the liver, heart and ovary 4 . A cytotoxic mAb <Jo2 
generated against mouse Fas, has been shown to kil 
wild-type mice rapidly following muapentoneaJ £p.) 
administration, but does not kill ipr mice K The mAb 
acts by inducing a phenotype similar to fulminant 
hepatitis. Thus, two hours after injection, the serum 
levels of glutamic oxaloacetatc transaminase (OUij 
and glutamic pyruvic transaminase (GPT) were found 
to increase dramatically, and reached approximately 
200- and 1000-fold over basal level, resr*ctively. 
Histochemical analysis showed massive hemorrhagic 
necrosis in the entire liver, and electron microscopy ot 
the affected hepatocytes revealed condensed and trag- 
mented nuclei. Since this morphology is characteristic _ 
of apoptosis, it may be concluded that the anti-Fas ^nti- 
bodV was causing the hepatocytes to die Fur^crrnore, 
since cell death occurred so rapidly and widely, neu- 
trophils and macrophages could not phagocytose the 
apoptotic cells. This resulted in the progression of 
hepatocytes into secondary necrosis, releasing lethal, 
toxic components. . 

A mouse model system for human fulminant hepatitis 
has been developed 44 - 45 using transgenic mice carrying 
the human hepatitis B virus(HBV) on an albumin regu- 
latory promotcc When CTLs specific for the HBV 
antigen were injected into the transonic mice they in- 
duct apoptosis in the liver, resulting «i futonant 
hepatitis. Since FasL s expressed in the activated 
CTLs, we propose a model for the involvement of the 
Fas svstem in fulminant hepatitis as shown m Fig. 3. 
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Fig. 3. A proposed mechanism for Fas-mediated fulminant hepatitis. Hepato- 
cytes transformed with human hepatitis B virus (HBV) or C virus (HCV) 
express the vims' antigen as a complex with major histocompatibility complex 
(MHO. Interaction between the MHC-viral Ag complex and the T-ceU 
receptor (ICR) on cytotoxic T lymphocytes (CTLsf activates the CTL, and 
induces the expression of the gene encoding Fas ligand (FasL). Fast 
expressed on the cell surface of the CTL then hinds to Fas on bepatocytes 
and induces their apoptosis. 

Hepatocytcs transformed by HBV or hepatitis C virus 
(HCV) would express vinis antigen on their surface 
■ as a complex with MHC. The interaction of viral 
peptide with the TCR activates the CTLs, and induces 
the expression of the gene encoding FasL. FasL then 
binds to Fas expressed on hepatocytes and induces 
apoptosis. 

Conclusions 

Studies using an anti-Fas antibody with cytolytic 
activity have led us to propose a model for the FasL 
'death factor! and its receptor. The discovery that the 
murine Ipr and gld defects correspond to mutations in 
the genes encoding Fas and FasL, respectively, suggests 
that autoimmune disease can be mediated (or acceler- 
ated) by defects in apoptosis genes. It is possible that 
such mutations also cause autoimmune disease in 
humans. 

Furthermore, human fulminant hepatitis may be 
caused by abnormal activation of FasL expressed on 
CTLs. Since CTL-mediated autoimmune disease also 
occurs in other pathologies, such as Graves* disease 
and chronic thyroiditis*, the involvement of the Fas 
system in these diseases is worthy of investigation. If 
the involvement of the Fas-FasL pair in these diseases 
is confirmed, the soluble form of Fas, as well as neu- 
tralizing anti-Fas or anti-FasL antibodies, could prove 
clinically usefut 
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Combinatorial libraries: new insights into 
human organ-specific autoantibodies 

Basil Rapoport, Stefano Portolano and 
Sandra M. McLachlan 

The recent application of immunoglobulin (Ig) gene combinatorial library 
technology has led to a logarithmic increase in information concerning 
human, disease-associated, organ-specific autoantibodies of the IgO class. 
As reviewed here by Basil Rapoport, Stefano Portolano and Sandra 
McLachlan, the molecular cloning, analysis and expression of the genes 
for increasing numbers of these human, monoclonal autoantibodies is 
providing new insight into the genetic background and epitoptc 
repertoires of such molecules. 


Human autoimmune disease may be organ specific or 
systemic. The most common organ-specific autoim- 
mune diseases in humans affect the rhyroid gland and 
the pancreatic 0-celi. The prototypes of systemic auto- 
immunity are the connective tissue disorders, lupus 
erythematosus, scleroderma and rheumatoid arthritis. 
A second classification of human autoimmunity relates 
to whether the pathogenesis of the disease is con- 
sidered to involve primarily a humoral or a cell- 
mediated effector mechanism. The humoral component 
predominates in autoimmune responses against, for 
example, the skeletal muscle endplate in myasthenia 
gravis (MG) and the thyroid in Graves' disease and 
Hashimoto's thyroiditis. By contrast, autoimmune dis- 
eases such as multiple sclerosis are considered to be 
mediated primarily by the cellular immune response. 
Insulin-dependent diabetes mellitus (IDDM) is in- 
cluded in this cell-mediated category, although recent 
data suggest that the humoral response may be more 
important than previously considered 1 . 

Autoantibody generation, at least of the IgG class, is 
dependent on T cells. Nevertheless, dissecting out the 
components of the humoral autoimmune response is 
*n essential prerequisite for determining the role of 
. antigen-specific (not simply tissue-infiltrating) T cells 
involved in specific autoantibody generation. For this 


purpose, the information required includes: (I) identi- 
fication of the primary autoantigens in the disease 
(this has already been accomplished in many auto- 
immune diseases); (2) determining the repertoire of 
autoantibodies to a specific autoantigen; (3) mapping 
the autoantigenic epitopes; (4) analyzing the im- 
munoglobulin (Ig) variable (V)-region genes coding for 
these autoantibodies; and (5) ultimately determining 
the role of B cells in presenting autoantigen to T cells. 

Why done human organ-specific autoantibodies? 

Although some patients with Graves* disease or MG 
show oligoclonal serum autoantibodies, most organ- 
specific autoantibodies are polyclonal. Therefore, the 
generation of monoclonal antibodies (mAbs) is essen- 
tial for dissecting the epitopes recognized by the poly- 
clonal autoantibodies. Indeed, there has been no diffi- 
culty in generating murine mAbs by immunizing 
animals with antigens such as those associated with 
human autoimmune thyroid disease or MG. 

However, despite the ease with which mAbs directed 
to human autoantigens can be generated in mice, their 
value is limited by a number of factors. Autoantigens 
in organ-specific autoimmunity are generally large pro- 
teins with complex, nonrepctitive, triree^imcnsionaJ 
structures; examples include thyroid peroxidase (TPO), 
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